Introduction {#S0001}
============

The search for biomarkers as predictors of outcome in various diseases is an ongoing challenge. Patients with acute respiratory failure are targets for this kind of research. In some cases, the results have had extensive effects and the biomarkers researched have become an important part of clinical decision-making.[@CIT0001],[@CIT0002] As the primary cause of dyspnea is not always obvious during the Emergency Care encounter, discovering biomarkers with predictive value for outcome, could be supportive for choosing appropriate treatment and decide level of care before the primary diagnosis has been established.[@CIT0002]--[@CIT0004]

A substantial part of patients with acute respiratory failure has hypercapnia (Acute Hypercapnic Respiratory Failure, AHRF).[@CIT0005]--[@CIT0007] In this patient group, treatment with Noninvasive Positive Pressure Ventilation (NPPV) has been shown to reduce the need of endotracheal intubation, the length of hospital stay and mortality.[@CIT0008]--[@CIT0011] Patient selection is important and the treatment is most effective in the early stages of acidosis.[@CIT0007],[@CIT0012]--[@CIT0015] The majority of patients with AHRF have Acute Exacerbation of Chronic Obstructive Pulmonary Disease (AECOPD), but other known causes where NPPV treatment is recommended, are Acute Heart Failure (AHF), Pneumonia and other infections in immunocompromised patients and Acute Exacerbation in Obesity Hypoventilation Syndrome (AEOHS).[@CIT0006],[@CIT0008],[@CIT0015]--[@CIT0018] Patients with AHRF treated with NPPV are thus a heterogenous group and some patients have multiple factors contributing to the acute deterioration.[@CIT0019]

One of the biomarkers that have been evaluated as predictor of outcome in patients with acute dyspnea is called ST2 (Suppression of Tumorigenicity 2), most widely recognized as a predictive biomarker for mortality in cardiac diseases.[@CIT0001],[@CIT0020]--[@CIT0022] It exists in a membrane-bound form (ST2L) as a receptor for the pro-inflammatory cytokine IL-33, and a soluble form (sST2) which is measurable in plasma. The soluble form is upregulated in states of mechanical strain in cardiac myocytes, thus signaling myocardial hypertrophy and fibrosis. It is thought to act as a decoy receptor for IL-33 decreasing its cardioprotective effects, as well as having a more complex immunomodulatory role in binding to other receptors. It is also released by vascular and pulmonary endothelial cells, but the major source of ST2 in healthy individuals has not been established.[@CIT0001],[@CIT0020]--[@CIT0022] The PRIDE study showed that in patients with dyspnea, with or without heart failure, ST2 was a strong predictor of short- and long-term mortality.[@CIT0023] ST2 is used in clinical practice as an independent predictive biomarker of mortality, alone or in relation with other prognostic biomarkers of heart disease.[@CIT0024]--[@CIT0026] Furthermore, monitoring ST2 levels during treatment has been shown to provide additional prognostic information, implying that serial measurements may play an important role in the future biomarker-based evaluation of heart failure.[@CIT0027]

In recent years, the potential role of ST2 as a biomarker in both allergic and non-allergic pulmonary diseases has been addressed in several studies.[@CIT0028] ST2 levels have been shown to increase in patients with Acute Exacerbations of Idiopathic Pulmonary Fibrosis, Acute Respiratory Distress Syndrome and Sepsis.[@CIT0028]--[@CIT0030] It has even been suggested that the IL-33/ST2 pathway might contribute to the pathogenesis and progression of COPD.[@CIT0031] Although ST2 levels might not be specific for a diagnosis of a distinct cause of acute respiratory failure, its prognostic value regarding mortality seems to be consistent.[@CIT0001],[@CIT0020],[@CIT0023],[@CIT0032]

In our current study, the main goal was to investigate if ST2 could be used as a predictor of outcome and mortality, in patients with AHRF of various underlying causes. As a second goal, we repeatedly measured ST2 during the first 12 hrs of treatment, in order to conclude if a change in ST2 could predict treatment outcome. We hypothesized that a decrease in ST2 might indicate a better clinical outcome, and thus could be used as a marker of treatment response.

Materials And Methods {#S0002}
=====================

Study Population {#S0002-S2001}
----------------

The procedure of selection and inclusion was thoroughly described in our previous work.[@CIT0033] In short, during the period January--June 2014 we enrolled adult patients with AHRF treated with NPPV according to local clinical guidelines, in the Intermediate Emergency Care Department at Skane University Hospital in Malmö, Sweden. No power calculation was performed, as no prior suggested effect size for the association between ST2 values and mortality in the patient group researched exists, on which the calculation could be based. Treatment was decided by the attending physicians. Written informed consent was obtained from all patients or their next of kin. Enrollment in the study did not affect the treatment in any way and the study was thus observational and prospective. The study was approved by the Regional Ethics Board of Lund, Sweden and followed the precepts established by the Declaration of Helsinki.

Clinical Parameters And Follow-Up {#S0002-S2002}
---------------------------------

Vital parameters were obtained before and during the treatment at several previously decided time points (0, 4, and 12 hrs after the start of treatment) and venous blood samples and arterial blood gases (ABG) were taken.[@CIT0033] The ABGs were analyzed immediately on a ABL800 Flex (Radiometer, Copenhagen, Denmark), while the venous blood samples were frozen and stored at −80ºC for later analysis of biomarkers, after having separated serum and plasma.

All patients received Bilevel NPPV treatment with Trilogy100 and a suitable NPPV mask (Respironics, Murrysville, Pennsylvania/USA), using S/T mode with volume-controlled autoregulated ventilation.[@CIT0033] Oxygen was applied as needed with a goal SpO~2~ of 88--90%.The patients were monitored closely during the treatment. The attending physicians decided if the treatment was discontinued. Details about treatment length and installations were obtained from the Directview Program (Respironics, Murrysville, Pennsylvania/USA).

The patients consented to have their medical history and current medication obtained through the journal database of the hospital, and to allow the retrieval of information on mortality and readmissions for the follow-up period of 2014--2016. Before analysis of data, the medical records were examined by an internist and a primary discharge diagnosis was made.

Biomarker Measurement {#S0002-S2003}
---------------------

92 biomarkers were measured in frozen plasma samples using the Proseek Multiplex CVD 1 biomarker panel (Olink Bioscience, Uppsala, Sweden). The method is a multiplex immunoassay based on a Proximity Extension Assay. The unit of measurement is NPX (normalized protein expression) that gives a relative quantification and values can be compared only for the same protein across the samples analyzed.[@CIT0034] All assay characteristics including detection limits and measurements of assay performance and validations are available from the manufacturer's webpage.[@CIT0035]

ST2 was additionally measured with the Critical Diagnostics Presage ST2 clinical assay (Sopachem Diagnostics, Copenhagen, Denmark) in the baseline samples. The method is an in vitro diagnostic assay that quantitatively measures ST2 in serum or plasma by enzyme-linked immunosorbent assay (ELISA) in a microtiter plate format. All assay characteristics are available from the manufacturer´s webpage.[@CIT0036]

Endpoint {#S0002-S2004}
--------

The primary endpoint in the study was defined as mortality, with a follow-up period of, respectively, 28 days and 18 months after admission. Mortality and date of death were confirmed using the Swedish National civil registry. The secondary endpoint was clinical factors related to improvement in the Acute Hypercapnic Respiratory Failure, acquired during the hospital stay with a follow-up time of 12 hrs.

Statistical Analysis {#S0002-S2005}
--------------------

All statistical analyses were performed with IBM SPSS statistics version 21 (SPSS Inc., Chicago, IL, USA). In univariate analyses, we used Kruskal--Wallis test to analyze continuous variables and expressed data as medians and interquartile ranges. For categorical variables, Fishers exact test was used and data were expressed as numbers and percentages. We used Cox proportional hazards model to relate baseline variables to risk of death during the timepoints of follow-up. Both types of ST2 levels measured were transformed with the natural logarithm and expressed as hazard ratios (95% confidence interval) on a standardized scale (per 1 standard deviation increment). We adjusted for age and gender (model 1) and age, gender and C-reactive protein (CRP) (model 2). The ST2 levels were divided into tertiles, with the lowest tertile as the reference group, and crude Kaplan-Meier plots for tertiles of ST2 levels were plotted. To evaluate the correlation between the two methods of ST2 measurement, we used Pearson´s correlation coefficient test. Wilcoxon paired rank test was used to evaluate if changes of ST2, pCO~2~ and pH between baseline and the first 4 or 12 hrs of treatment were significant. Subsequently, we used linear regression models to relate baseline ST2 levels to change in pCO~2~, pH and Respiratory Rate (RR) during the first 4 and 12 hrs of treatment. Same model was used to relate changes in ST2 levels during the first 4 and 12 hrs of treatment with simultaneous change in pCO~2~, pH and RR. Both baseline and delta values were log transformed before being entered in the linear regression analyses. All tests were two-sided and a p-value of \<0.05 was considered statistically significant.

Results {#S0003}
=======

Patient Characteristics {#S0003-S2001}
-----------------------

Fifty-one patients were enrolled in the study but five patients were excluded because of withdrawal of consent (n=3), presence of neurological disease (n=1) and sepsis (n=1) as the main underlying causes of AHRF, leaving forty-six patients in the analysis. Demographic characteristics of the study group are described in detail in our previous work[@CIT0033] and are summarized in [Table 1](#T0001){ref-type="table"}.Table 1Characteristics Of The Patients, As A Whole Group And Divided Into SubgroupsWhole GroupAECOPDAHFAEOHSP value^b^**General characteristics**Number of patients463484Age years: median (IQR)77.1 (68.7--84.0)76.9 (68.8--83.9)82.3 (77.7--86.8)65.4 (60.5--73.0)0.035BMI kg/m^2^: median (IQR)23.4 (20.5--36.1)24.0 (18.8--28.2)27.7 (21.7--39.2)46.6 (39.3--55.2)0.004Gender female %65% (30/46)65% (22/34)63% (5/8)75% (3/4)0.054Active or ex-smokers %87% (40/46)97% (33/34)63% (5/8)50% (2/4)\<0.001FEV1%: median (IQR)31 (24--43)29 (22--36)47^a^43^a^0.058**Variables related to AHRF**pH: median (IQR)7.28 (7.24--7.36)7.31 (7.24--7.37)7.24 (7.10--7.31)7.30 (7.25--7.35)0.17pO~2~ kPa: median (IQR)7.45 (6.33--8.73)6.85 (6.10--8.48)7.50 (5.60--9.58)8.40 (8.23--10.68)0.24pCO~2~ kPa: median (IQR)8.75 (7.78--10.5)8.90 (7.78--10.35)8.05 (6.38--10.73)10.05 (8.45--11.73)0.30Base excess mEq/L: median (IQR)5.1 (1--10)6.4 (4--10)− 3 (−7.5--0)11.3^a^\<0.001Respiratory rate bpm: median (IQR)26 (20--29)26 (20--29)24 (22--29)25 (21--27)0.89CRP mg/L: median (IQR)15.5 (8.3--76.5)36.5 (9.7--93.0)8.7 (6.4--11.0)12.5 (7.5--37.0)0.076Laktat mmol/L: median (IQR)1.40 (0.80--2.75)1.10 (0.80--2.10)3.80 (2.78--5.63)1.20 (0.80--2.35)0.09NPPV use first 4 hrs: median (IQR)3.57 (3.50--4.00)3.67 (3.50--4.00)3.50 (2.50--4.00)3.75 (3.50--4.00)0.67[^1]

All patients were evaluated by attending physician and in thirty-three patients (72%), the "Do Not Resuscitate" order was made and recorded in the medical journal, according to local guidelines. Twenty-four patients (52%) were evaluated not to be eligible for Intensive Care Unit in case of worsening. No patient was intubated during the hospital stay. Thirteen patients died within 28 days after admission (28%), of whom ten patients died during the hospital stay. During the long-term follow-up a total of thirty patients had died after 18 months (65%).

Before analysis of data, the medical records were examined by an internist and a primary discharge diagnosis was made. There were three subgroups of patients with regards to primary diagnosis: Acute Exacerbation of COPD (AECOPD, n=34), Acute Heart Failure (AHF, n=8) and Acute Exacerbation in OHS (AEOHS, n=4). To evaluate if there was difference between the subgroups, clinical characteristics were compared between the groups, with regards to basic characteristics as well as variables related to AHRF and thus determining the NPPV treatment ([Table 1](#T0001){ref-type="table"}). There were significant subgroup differences in age, BMI and smoking status. A significant difference was found in only one of the AHRF related variables, Base Excess (BE). Nine patients in the AECOPD subgroup (26%) received long-term oxygen therapy (LTOT) at home before hospitalization, and three patients received long-term NPPV treatment at home (9%). No patient in the other subgroups received LTOT, while one patient in the AEOHS subgroup had long-term NPPV treatment (25%). Analyses were made on the whole group as well as on the largest subgroup of patients, i.e. that with AECOPD. There was no significant difference between ST2 values in the different subgroups (Kruskal Wallis test, p = 0.22).

ST2 As Predictor Of Short-Term And Long-Term Mortality {#S0003-S2002}
------------------------------------------------------

In order to evaluate the predictive value of ST2 in terms of mortality, ST2 was measured both as a part of the biomarker panel and with the Presage ST2 clinical assay. The correlation coefficient between the two measurements was r = 0.95 (Pearson´s correlation coefficient test, p = \<0.001), as seen in [Figure 1](#F0001){ref-type="fig"}.Figure 1Correlation between ST2 values measured with Olink biomarker panel and Presage ST2 clinical assay.

We analyzed ST2 levels (measured with Presage ST2 clinical assay) at admission before treatment was started and evaluated its correlation with short-term mortality. Each 1 SD increment of ST2 was associated with eleven -- twelvefold-increased risk of 28 days mortality ([Table 2](#T0002){ref-type="table"}). Regarding long-term mortality, this association remained significant with about twofold-increased risk of 18 months mortality ([Table 2](#T0002){ref-type="table"}).Table 2Relationship Between ST2 And Risk Of 28 Days And 18 Months MortalityST2 On Admission vs 28 Days Follow-Up Mortality (Model 1 And 2)Continuous ST2 Analysis (Per SD Increment)P-valueTertile 1Tertile 2Tertile 3p For TrendN/N events^a^46/1315/016/215/11HR (95% CI) (age and gender adjusted)11.00 (1.8--67.2)0.009n/a^c^n/a^c^n/a^c^0.002HR (95% CI) (age, gender and CRP adjusted)^b^12.55 (2.0--77.2)0.006n/a^c^n/a^c^n/a^c^0.001**ST2 On Admission vs 18 Months Follow-Up Mortality (Model 1 And 2)Continuous ST2 Analysis (Per SD Increment)P-valueTertile 1Tertile 2Tertile 3p For Trend**N/N events^a^46/3015/715/1016/13HR (95% CI) (age and gender adjusted)2.11 (1.4--3.2)0.0011.0 (ref)1.54 (0.6--4.2)5.50 (2.1 14.4)0.001HR (95% CI) (age, gender and CRP adjusted)^b^2.47 (1.6--3.9)\<0.0011.0 (ref)1.74 (0.7--4.6)5.71 (2.2--4.7)\<0.001[^2]

To analyse this correlation further, ST2 values were divided into tertiles and then entered into Model 1 and 2. Patients in the highest tertile showed a significant increased risk of both short-term and long-term mortality compared with the lowest tertile, as shown in [Table 2](#T0002){ref-type="table"} and with a Kaplan--Meier curve in [Figure 2](#F0002){ref-type="fig"}.Figure 2Kaplan--Meier plot showing cumulative mortality during 18 months follow-up period. Tertile 1 denotes the lowest values of ST2, and Tertile 3 the highest values.

Finally, we tested ST2 levels and correlation to mortality in the largest subgroup of patients with AECOPD as a primary diagnosis. Each 1 SD increment of ST2 was associated with more than sevenfold increased risk of 28 days mortality (HR 7.11, 95% CI 1.3 −38.1, p = 0.022). Regarding long-term mortality, this association remained significant with a twofold-increased risk of 18 months mortality (HR 2.07, 95% CI 1.3--3.3, p = 0.003).

The ST2 correlation for both short-term and long-term mortality was independent of blood gas results and lactate, as well as BMI (data not shown).

Serial ST2 Measurements And Correlation To Treatment Response {#S0003-S2003}
-------------------------------------------------------------

ST2 levels (Olink biomarker panel) before the start of treatment and after 4 and 12 hrs of treatment were compared with changes in pH and pCO~2~, which were chosen to represent changes in status of AHRF and thus treatment response ([Table 3](#T0003){ref-type="table"}). Linear regression analysis did not indicate a predictive correlation between ST2 levels before treatment was started, and the subsequent changes in pH and pCO~2~ (data not shown). Median levels of ST2 increased during the follow-up time of 12 hrs. The amount of increase was positively related to change of pH between baseline and 4 hrs post start of treatment (beta 0.21, 95% CI 0.07 to 0.34, p 0.004) as well as between baseline and 12 hrs post start of treatment (beta 0.23, 95% CI 0.12 to 0.34, p \<0.001). On the other hand, the amount of increase in ST levels was negatively related to change of pCO2 between baseline and 4 hrs post start of treatment (beta -- 0.21, 95% CI -- 0.36 to -- 0.06, p 0.008) as well as between baseline and 12 hrs post start of treatment (beta -- 0.29, 95% CI -- 0.46 to -- 0.14, p \<0.001). These were missing values in the repetitive ST2 measurements (at admission n=46, after 4 hrs n=41, after 12 hrs n=36).Table 3ST2, pCO~2~ And pH Values Before Start Of Treatment, And After 4 And 12 hrsBefore Start Of TreatmentAfter 4 hrs Of TreatmentAfter 12 hrs Of TreatmentST2 (NPX) median (IQR)5.15 (5.19--5.87)5.69 (4.92--6.20)\*5.99 (5.21--6.35)\*pCO~2~ kPa median (IQR)8.75 (7.78--10.50)8.10 (6.55--8.70)\*7.40 (6.40--8.70)\*pH median (QR)7.28 (7.24--7.36)7.37 (7.34--7.40)\*7.39 (7.34--7.43)\*[^3]

Discussion {#S0004}
==========

Our findings suggest that the protein ST2, a known prognostic biomarker for mortality in patients with cardiovascular diseases and pulmonary diseases,[@CIT0020],[@CIT0028] is a strong predictor of short-term mortality in patients with AHRF treated with NPPV. Moreover, our hypothesis that decreasing ST2 values during the first 12 hrs of treatment predicted improved outcome was not supported.

Patients with AHRF of various underlying causes are often treated with NPPV in addition to standard medical treatment.[@CIT0007] Patients with underlying AECOPD have a well-established treatment indication, but as the use of NPPV treatment has increased, further research has supported the benefits of NPPV in non-COPD patients with AHRF.[@CIT0007],[@CIT0011] Moreover, the exact cause of the clinical illness is not always obvious at the Emergency Room encounter and many patients have multiple clinical conditions contributing to AHRF.[@CIT0001],[@CIT0003],[@CIT0005],[@CIT0015] Thus, the search for factors that help predict treatment outcome regardless of the underlying cause, could be an important additional piece in the puzzle of clinical decision-making during the first hours of admission, before more targeted disease-specific treatment can be initiated.

To our knowledge, no study has been published regarding ST2 in patients with AHRF. Considering existing knowledge about ST2 and its prognostic value for mortality in both cardiac-related and non-cardiac related acute respiratory failure,[@CIT0020],[@CIT0028] our results might not seem surprising. However, they are valuable in regards to strengthening the value of ST2 as a prognostic factor for mortality, even in an unselected group of patients with AHRF. Further research on a larger group of patients with better-defined phenotypes of AHRF are needed to confirm our results.

The long-term predictive value of ST2 in regards to mortality in the patient group is more uncertain, since the results seem mostly dependent on the strong association with 28 days mortality ([Table 2](#T0002){ref-type="table"} and [Figure 2](#F0002){ref-type="fig"}). We conclude that in this patient group, the prognostic value of ST2 is most informative for short-term mortality and likely dependent on the acute illness rather than the underlying chronic conditions.

ST2 measurements in patients with Acute Heart Failure (AHF) have been suggested to be of even greater value when measured repeatedly, as an indicator of treatment outcome.[@CIT0027] Manzano-Fernandez et al, measured ST2 at presentation and after four days of treatment in patients with AHF, and found that in the acute setting medical treatment resulted in a significant decrease in ST2 levels, and that serial ST2 measurements resulted in an improvement in predicting long-term mortality.[@CIT0037] Breidthardt et al, came to similar conclusions when measuring ST2 before the start of treatment and after 48 hrs, also in patients with AHF.[@CIT0038] To our knowledge, no study has been published regarding serial measurements of ST2 within the first day of admission for AHF.

Our study on unselected patients with AHRF treated with NPPV, suggests that increasing ST2 levels during the first 12 hrs of treatment was related to changes in variables related to AHRF representing improving clinical state (increase in pH and decrease in pCO~2~). The initial hypothesis that decreasing ST2 values during the first 12 hrs of treatment predicted improved outcome, was therefore not supported. The missing ST2 values in the repetitive measurements might represent the patients dying in the very first hours after admission or where blood samples were non-retrievable for other reasons. This is a possible source of bias, as this might be the patients presenting a worsening clinical state.

Our results might suggest that it takes time for ST2 concentrations in serum to decrease, or maybe even that a maximal concentration develops shortly after treatment is started. In this matter, no conclusions can be reached at this point because of the small size and heterogeneity of the patient group and further studies are needed.

Our findings do not at this point call for the regular use of ST2 measurements in clinical practice in patients with AHRF, but in combination with other data, there are indications that further research in the field is desirable.[@CIT0020] The limitations of the study are outlined in detail in our previous work, with the main one being the relatively small patient group.[@CIT0033] In comparison with some other studies in the field, the patients may be considered as more seriously ill, in terms of high short-term mortality (28 days mortality 28%) and high percentage of the "Do Not Resuscitate" order (72%). This is a limitation in terms of comparing different results. On the other hand, research in this particular group of seriously ill patients is difficult to perform despite its important value. Since another possible limitation of the study was that the ST2 values were not measured in a quantitative manner, it was decided to repeat measurements with the Presage 2 clinical assay. The high correlation between both the measurement methods strengthens the results of our study. It is also of interest to evaluate if repetitive ST2 measurements over a longer period of time could help in predicting prognosis in patients in Chronic Hypercapnic Respiratory Failure.

Conclusion {#S0005}
==========

Our findings suggest that ST2 is a target to explore further as a clinically useful predictor of short-term mortality, in patients with AHRF treated with NPPV, regardless of the underlying causes. The data do on the other hand not imply that serial ST2 measurements in the first hours of treatment can aid in predicting immediate clinical outcome. Further research with larger group of patients is needed.
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[^1]: **Notes:** ^a^Variable number too small to analyse IQR. ^b^We used Kruskal--Wallis test for all but gender and smoking status, there we used Fisher´s exact test.

    **Abbreviations:** IQR, interquartile range; AECOPD, acute exacerbation of COPD; AHF, acute heart failure; AEOHS, acute exacerbation of obesity hypoventilation syndrome; BMI, body mass index, FEV1, forced expiratory volume in 1 second; CRP, C-reactive protein; NPPV, noninvasive positive pressure ventilation.

[^2]: **Notes:** ^a^Mortality within the follow-up period. ^b^Backward elimination model. ^c^Analysis not possible due to zero number of events in the Tertile 1 group.

    **Abbreviations:** SD, standard deviation; HR, hazard ratio; CI, confidence interval; CRP, C-reactive protein.

[^3]: **Notes:** \*Difference between values before the start of treatment and after 4 hrs or 12 hrs of treatment is significant, analysed with Wilcoxon parade rank test.

    **Abbreviations:** IQR, interquartile range; NPX, normalized protein expression (for details, se olink.com).
